Super-Kamiokande Measurements
shows the power spectrum derived from Super-Kamiokande flux measurements for the interval 1996.4 to 2001.6 [8] . This power spectrum was derived from Super-Kamiokande data [13] by a likelihood procedure that takes account of the start time, end time, flux estimate, lower error estimate and upper error estimate of each time bin. (By comparison, the original Super-Kamiokande analysis [13] took account only of the mean time and mean flux estimate of each bin.) According to this analysis [8] , the power spectrum, shown in Figure 1 , has its maximum value, S = 13.24, at 9.43 year -1 . (This oscillation has also been identified by Ranucci [9] , who made a slightly different selection of information that led to an oscillation with power 10.84 at 9.42 year -1 .)
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The standard formula for the probability P of obtaining a peak of power S or more from (assumed normally distributed) random fluctuations [14] is
The accuracy of this estimate for the current application has been verified by Monte Carlo simulation [8] . We see that the probability of finding a peak of power 13.24 or more at a specified frequency is 2. 10 -6 .
We have also determined the probability of finding by chance a peak of this power or more anywhere in a search band appropriate for internal solar rotation, whichbased on helioseismology [15] -we take to be 6 -16 year -1 . This value was found to be 10 -4 .
The GSI Radon Experiment
The Geological Survey of Israel (GSI) experiment [1, 2, 3, 10, 11] has recorded measurements of gamma photons and alpha particles arising from radon decay every 15 minutes from day 86 of 2007 to day 312 of 2016. In the present article, we analyze only gamma-ray measurements packaged into 1-hour bins, comprising approximately 88,000 lines of data. It is relevant to note that, as we see from Figure  2 of ref. [7] , the gamma detector is located vertically above the region in which radon decay occurs. The mean count per 1-hour bin is 9.42 10 5 .
Figures 2 and 3 show the power spectra obtained from measurements acquired for the frequency bands 0 -6 year -1 and 6 -16 year -1 , respectively. In each figure we show the power spectra derived from noontime data (10 am to 2 pm, local time) and from midnight data (10 pm to 2 am, local time). Figure 2 . Power spectra formed from the 4-hour bands of measurements centered on noon (red) and midnight (blue) for the frequency band 0 -6 year -1 . We see that the strongest daytime oscillation is at 1 year -1 ; the strongest nighttime oscillation is at 2 year -1 .
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We see from Figure 2 that, for each time interval, there are exceedingly strong annual and biennial oscillations. We see from Figure 3 that oscillations in the solarrotation search band 6 -16 year -1 are clearly evident in the midnight data, but less evident in the noon data. This distinction is compatible with the conjecture that the influence of neutrinos on nuclear decay is such that emergent gammas tend to travel in the same direction as the incoming neutrinos [7] . A list of the top 20 peaks in the power spectrum formed from the midnight data, for the frequency band 6 -16 year -1 , is shown in Table 1 . We see that there is a peak at 9.44 year -1 with power S = 22.6. Since the mean separation of the peaks is approximately 0.17 year -1 , this frequency is indistinguishable from that (9.43 year -1 ) in the Super-Kamiokande power spectrum. According to Equation (1), the probability that the peak at 9.44 year -1 with power 22.6 is attributable to normally distributed random fluctuations is 1.5 10 -10 .
For later reference, we draw attention to two annual sidebands (companion peaks offset by multiples of 1 year -1 ) at 7.45 year -1 (with power 20.7) and at 8.46 year -1 (with power 42.4). Such sidebands are known to be characteristic of oblique rotators [16] . 
Comparison of Super-Kamiokande and Gsi Power Spectra
We see from Figure 1 and Table 1 that the oscillation at 9.43 year -1 is evident in both Super-Kamiokande and GSI power spectra. We can examine the significance of this correspondence by means of a combined analysis of both power spectra, using procedures designed for such a comparison [17] . We use the Minimum Power Statistic to search for frequencies for which both Super-Kamiokande and GSI show significant power. If each power is distributed exponentially, the following function is also distributed exponentially:
where Min(x,y) indicates the smaller of x and y. This function, formed by combining the Super-Kamiokande power spectrum and the GSI-midnight power spectrum, is shown in Figure 4 . Not surprisingly, the peak is found, with U = 26.64, at 9.43 year -1 . We may determine the corresponding probability from Equation 1. According to this equation, there is a probability of 2.7 10 -12 that this feature could have occurred by chance (from random noise in each of the datasets) at a specified frequency. Since there are 120 independent peaks in the band 0 -20 year -1 , there is a probability of 3.2 10 -10 of finding by chance a value of U of 26.64 or more anywhere in that band.
We have examined this correspondence in more detail by computing the amplitude and phase of each oscillation, with the results shown in Table 2 . This relationship is shown schematically in Figure 5 . For two waveforms that have completely different origins, we find a remarkable congruence. The agreement of the amplitudes and phases would seem to imply that the detected oscillation in the radon decay-product is due entirely to the detected oscillation in the neutrino flux. Super-Kamiokande neutrino measurements GSI radon-decay measurements 
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This result raises the possibility that -more generally -variations in the ambient neutrino flux may lead to variations in the beta decay process, conceivably that neutrinos are the principle -perhaps the only -cause of beta-decay variations. The influence may or may not be such as to change the decay rate; an influence that changes only the direction of travel of the emergent decay products, perhaps by a collective process, appears to be compatible with observational data. Figure 5 . Frequency, amplitude and phase of the 9.43 year -1 oscillation as it appears in Super-Kamiokande (SK) measurements and in GSI measurements.
It is notable that the oscillation has retained a constant phase from the beginning of the Super-Kamiokande measurements (in 1996) to the end of the GSI measurements (in 2017), a period of over 20 years. This phase stability is indicative of a "high-Q" oscillation, which is suggestive of the influence of a rotator -possibly the solar core.
Hypotheses
Although there have been proposals that some nuclear decay processes may be influenced by neutrinos [4 -7] , the close similarity of an oscillation detected in neutrino measurements and a corresponding oscillation detected in nuclear decay measurements has -to the best of our knowledge -not being anticipated.
There is obviously a need to reproduce (or attempt to reproduce) this result. If confirmed, it would establish that nuclear decays may indeed be influenced by neutrinos, leading to the challenge of determining the precise nature and mechanism of that influence.
It will hopefully be possible to obtain additional relevant information from measurements acquired at various neutrino observatories and from various nuclear-decay experiments. However, as a first step towards a theoretical investigation of the current problem, we may attempt to identify relevant hypotheses. We propose for consideration the following four hypotheses: Hypothesis 1. The apparent oscillations are due simply to chance patterns in uncorrelated data.
The application of Equation 1 to oscillations identified in Figures 1, 2 , and 3 and Table 1 indicates that this hypothesis is untenable.
Hypothesis 2. The oscillations identified in Figures 2 and 3 and Table 1 are due simply to meteorological influences [18] .
A comparison of spectrograms formed from radon decay data and from meteorological data indicates that this hypothesis also is untenable. (See Figure 15 of ref. [7] .) Furthermore, in view of the construction and location of the SuperKamiokande Observatory, the parallel hypothesis that the oscillation in SuperKamiokande measurements is due to meteorological influences is also untenable.
Hypothesis 3. Whether or not a radioactive nucleus decays in a certain time interval may be influenced by the ambient neutrino flux and this influence is independent of the design (in particular, of the geometry) of the experiment.
According to this hypothesis, whether or not a radionuclide exhibits variability would be insensitive to the design of the experiment. However, different experiments appear to give very different responses for the same nuclide. Note, as an example, an experiment by Bellotti et al. [19] . The "radon in air" version of the experiment displayed unmistakable evidence of a diurnal oscillation (which appears to be identical to a diurnal oscillation in GSI measurements -see Figure 4 of [7] ), but the "radon in liquid" version showed no evidence of such an oscillation.
Hypothesis 4. The detection of gamma rays associated with the beta decay of a radioactive nucleus is sensitive not only to the magnitude of the ambient neutrino flux, but also to the relationship of the flow direction of the ambient neutrino flux to the geometry of the experiment. For instance, the direction of emission of the gamma rays may be related to the flow direction of the ambient neutrino flux.
According to this hypothesis, if the direction of emission of gamma rays is related to the direction of propagation of the ambient neutrino flux, and if the ambient neutrino flux is anisotropic, an experiment that is insensitive to the direction of emission would not detect variability, but an experiment that is sensitive to the direction of emission might exhibit variability.
According to currently available information (including the Bellotti experiment [19] ), this hypothesis appears to be tenable. It is also worth noting that the design of the GSI experiment (which exhibits highly significant oscillations with amplitudes of several percent) is such that there is no obstacle between the generation of gamma rays and their detection.
We propose to study these (and possibly other) hypotheses in subsequent articles. We also plan to address in later articles the significance of the annual sidebands, and the significance of the low-frequency (annual, biennial, etc.) oscillations.
